Toll-Like Receptor 4 (TLR4) expression and stimulation in a model of intervertebral disc inflammation and degeneration.
We measured the expression and responses of Toll-Like Receptor 4 (TLR4) activation in the intervertebral disc (IVD) in vitro and in vivo. We hypothesize that stimulation of the IVD with the TLR4 ligand lipopolysaccharide (LPS) results in upregulation of a coordinated set of proinflammatory mediators and inhibition of matrix expression, both consistent with a molecular profile of degeneration. To characterize early inflammatory and morphological changes induced by TLR4 activation in the IVD. TLR4 is a pattern recognition receptor activated in innate immunity that has been implicated in disease mechanisms of inflammatory cartilaginous degeneration. However, no study to date has examined the expression and responses of TLR4 in the IVD. IVD cells were stimulated with LPS in a dose-dependent manner, and inflammatory cytokine levels were measured by quantitative reverse transcription-polymerase chain reaction. Histological and inflammatory changes due to in vivo injection of LPS into the rat caudal IVD were measured by enzyme-linked immunosorbent assay and immunoblotting. Baseline TLR4 expression in IVD tissue varied according to cell type. LPS stimulation resulted in significant increases in tumor necrosis factor α (TNF)-α, interleukin (IL)-1β, IL-6, and nitric oxide levels and significant inhibition in aggrecan and collagen-2. Intradiscal injection of LPS was found to cause moderate degenerative changes in the IVD, with increases in tissue levels of IL-1β, TNF-α, high mobility group box 1 protein (HMGB1), and macrophage migration inhibitory factor (MIF). This study provides the first evidence that IVD cells express TLR4 and are responsive to TLR4 activation by upregulating a coordinated set of inflammatory cytokines. This study suggests that intradiscal injection of LPS offers a model for triggering inflammation of the IVD, demonstrating that inflammatory insults alone may potentially trigger degenerative changes of the IVD.